Using flow cytometry and amplified fragment length polymorphism (AFLP), we explored the cytogeography and phylogeography of Hieracium intybaceum, a silicicolous species distributed in the Alps and spatially isolated in the Vosges Mountains and the Schwarzwald Mountains. We detected two ploidies, diploid and tetraploid, but no triploid or mixed-ploidy populations. Whereas diploids are sexual and distributed all across the Alps, tetraploids are apomictic and seem to be confined to the western Alps and the Vosges. We detected a low level of genetic variation. Bayesian clustering identified four clusters/genetic groups, which are partly congruent with the ploidal pattern. The first two groups consisting exclusively of diploids dominate the whole distribution range in the Alps and show east-west geographical separation with a diffuse borderline running from eastern Switzerland to the eastern part of North Tyrol. The third genetic group lacks a defined geographical range and includes diploid and tetraploid plants. The last genetic group comprises tetraploid plants in the French Alps and the Vosges. We suppose that diploids colonized the deglaciated areas from source populations most likely located mainly in the southern part of the recent distribution range and occasionally also in the western Alps. Gene flow and further differentiation likely took place. Apomictic tetraploids most likely originated in the western Alps or in the refugium at the south-western foot of the Alps. Their rather limited geographical range (partly contrasting with the theory of geographical parthenogenesis) can be explained by their rather recent origin.
INTRODUCTION
Quaternary climatic changes have fundamentally influenced the present-day distribution and genetic variation of high-mountain species, which had to endure induced migrations and repeated range fragmentation, undergo diversification in isolated refugial areas and recolonize previously glaciated areas, or face local extinction (Hewitt, 1996; Bennett, 1997; Comes & Kadereit, 1998; .
The Alps and surrounding areas are a suitable model system for studies focused on evolutionary processes influenced by glacial cycles and on locating glacial refugia. Numerous phylogeographic studies carried out in the Alps over the last decades, coupled with previously acquired biogeographical, geological and palaeoenvironmental data, have allowed some more general trends and patterns to be postulated. They have shown that alleles and species sharing a common history of glaciation faced more or less the same distinctive alpine topography during their range retractions and expansions, resulting in two principal breaking zones. One zone is in the western Alps, in the area of the valleys of Aosta and Valais, and the other at the transition between the western and eastern part of the Alps between Lake Garda and Innsbruck (e.g. Thiel-Egenter et al., 2011) . Species have also undergone parallel processes in peripheral refugia on both siliceous (mainly in the eastern Alps and along the south and west border of the range) and calcareous bedrocks (mainly in the southern and eastern Alps; Brockmann-Jerosch & Brockmann-Jerosch, 1926; Merxmüller, 1952; Stehlik, 2000; Burnier et al., 2009; Slovák et al., 2012) or in combined peripheral refugia and nunataks, albeit potentially at different time periods (Schneeweiss & Schönswetter, 2011; García et al., 2012) . Pleistocene climatic changes also most likely promoted polyploid speciation (Stebbins, 1984 (Stebbins, , 1985 Brochmann et al., 2004; Dixon et al., 2009; Casazza et al., 2012) .
Glacial advancement fragmented once continuous diploid populations that then differentiated in isolation. Partially differentiated populations may have come into contact again during glacial retreats, occasionally giving rise to hybrids that were then stabilized by polyploidization (secondary contact model, Stebbins, 1984 Stebbins, , 1985 . Alternatively, polyploids may have originated in diploid populations via unreduced gametes (primary contact model, triploid bridge). Formerly glaciated areas were then recolonized by polyploids, which today are dominant in central parts of the Alps (e.g. Stebbins, 1950; Parisod & Besnard, 2007; Schönswetter, 2008) . Enhanced frequency of polyploids at higher elevations and latitudes can also be explained by the fact that cold temperatures can trigger the formation of unreduced gametes (Ramsey & Schemske, 1998) .
Polyploidization and hybridization influenced by range fluctuations of species in the Pleistocene have also been thought to promote genetic and epigenetic changes that caused shifts to gametophytic apomixis (e.g. Carman, 1997; Grimanelli et al., 2001; Hörandl, 2009a, b) . Apomictic taxa have generally larger geographical ranges that are often shifted to higher elevations and altitudes (often in formerly glaciated areas) compared to related sexuals (geographical parthenogenesis; Vandel, 1928; Hörandl, 2008; Cosendai & Hörandl, 2010; Hörandl, 2011) . This can be explained, among other things, by the advantage of pollinator-independent uniparental reproduction for colonization, shortening of the reproductive pathway and faster seed development in shorter vegetation periods, higher abundance of seeds, more efficient niche exploitation and greater physiological and ecological tolerance due to multiple gene copies (Hörandl, 2006; Hörandl, Cosendai & Temsch, 2008) . In the Alps, the highest percentage of apomicts seems to grow in the moderate subalpine and alpine grassland zones (Hörandl, 2011; Hörandl et al., 2011) . High-elevation plants, in contrast, do not show a pronounced tendency towards polyploidy, so gametophytic apomixis turns out to be rare in the subnival and nival zones . Recent studies have supposed occasional re-stabilization of meiotic pathways in some apomictic lineages, followed by reversal to sexuality and allopatric speciation of newly formed sexual populations (expanded transition theory; Hörandl & Hojsgaard, 2012; Hojsgaard et al., 2014) .
We selected Hieracium intybaceum L., a perennial herb scattered to locally common on siliceous bedrock in the subalpine and alpine belts of the Alps, and spatially isolated in the Vosges and the Schwarzwald Mountains, as our model species to examine the pattern of genetic variation in relation to karyological differentiation. Three ploidies have been reported so far, namely diploids (2n = 18), triploids (2n = 27) and tetraploids (2n = 36; Favarger, 1997; Chrtek et al., 2007) . The mode of reproduction has not hitherto been examined. Hieracium polyploids have been proved to be exclusively agamospermous; conversely, H. intybaceum is a sister group to the rest of subtribe Hieraciinae (and thus could be placed in the separate genus Schlagintweitia Griseb.), but differences from this general pattern cannot be excluded. Hieracium intybaceum is an entomophilous species. Its achenes are relatively large and well adapted for dispersal over long distances.
In this study, we addressed the following questions:
( (Suda et al., 2006) was determined by flow cytometry using a Partec PA II device equipped with an HBO mercury arc lamp. Sample preparation followed the two-step procedure using Otto's buffers I and II (Doležel, Greilhuber & Suda, 2007) . Pooled samples for faster estimation were prepared from intact leaf tissue. Each sample, with an appropriate quantity of the internal reference standard Bellis perenis L. (2C = 3.37 pg, Schönswetter et al., 2007) , was chopped with a new sharp razor blade in a Petri dish containing 1 mL ice-cold Otto I buffer (0.1 M citric acid, 0.5% Tween 20) as the nuclear isolating solution. The suspension was filtered through a nylon mesh (loop size 42 μm), incubated for 10 min at room temperature and mixed with 1 mL Otto II buffer (0.4 M Na2HPO4) supplemented with AT-selective DAPI (4′,6-diamidino-2-phenylindole) as the fluorochrome (at the concentration of 4 mg mL ). Samples were stained for 5 min at room temperature prior to cytometry. Three thousand nuclei were analysed for each sample. Only histograms with coefficients of variation (CVs) for the G0/G1 < 5% were accepted.
The mode of reproduction was tested using the plants transferred to the experimental garden following Gadella (1987) and Krahulcová & Krahulec (1999) . In diploids (in which sexual reproduction was expected), capitula were bagged and pollinated by hand (test for autogamy); results were compared with control capitula from the same plant in open pollination treatment. In tetraploids (in which agamospermy was expected), the upper part of the capitulum was cut off at the bud stage, capitula were bagged to prevent lost of achenes by wind and full (developed) achenes were counted.
AFLP DATA ACQUISITION AND SCORING
Total genomic DNA was extracted using the Invisorb Spin Plant Mini Kit (Invitek) following the manufacturer's instructions using 0.5 g of silica-dried leaf tissue. The concentration of DNA in the first elution was measured using a NanoDrop spectrophotometer, and the DNA was diluted to the initial concentration of 50 ng μL −1
. One hundred and eighty-two individuals (two to seven per population, Table 1 ) were analysed for AFLPs using the AFLP Core Reagent Kit I (Invitrogen) and AFLP Pre-Amp Primer Mix I (Invitrogen). The whole procedure (restriction, ligation, preamplification and selective amplification) followed Rejzková et al. (2008) with the following modifications: ca. 130 ng of genomic DNA were digested for 5 h and ligation was extended to 12 h. Pre-amplification and selective amplification was done using JumpStart RedTag Polymerase (Sigma), and the same volume of 10× buffer was used with JumpStart RedTag Polymerase (Sigma). The reaction conditions were an initial step of 2 min at 94°C and 2 min at 72°C followed by 20 cycles of 30 s at 94°C, 30 s at 56°C, 2 min at 72°C with final extension at 60°C for 30 min. A 10 × diluted (in ddH 2O) product of pre-amplification was used for the final, selective amplification.
Based on preliminary tests, three primer combinations were used for selective amplification: EcoRI-AAC + MseI-CTA, EcoRI-ACG + MseI-CAC and EcoRI-ACA + MseI-CTG (Applied Biosystems). The reaction conditions were an initial step of 2 min at 94°C, 30 s at 65°C and 2 min at 72°C followed by eight cycles of 30 s at 94°C, 30 s at 64°C (reduced by 1°C per cycle) and 2 min at 72°C, which were followed by 23 cycles of 30 s at 94°C, 30 s at 56°C and 2 min at 72°C, then the final extension of 30 min at 60°C and a hold period at 10°C. For each sample, 1 μL of each 6-FAM, HEX and NED-labelled products of selective amplification was purified and precipitated using ethanol/sodium acetate precipitation. The precipitate was resuspended in 0.25 μL GeneScan-ROX-500 size standard in 10 μL formamide and denatured for 3 min at 95°C. Fragments were analysed on a 3100 Avant Genetic Analyzer (Laboratory of Sequencing, Faculty of Science, Charles University in Prague) and scored with GeneMarker v 1.8 (www.SoftGenetics.com). Twelve per cent of all samples were re-analysed from the first step of AFLP procedure (restriction) under normal conditions to test the reproducibility of the method and estimate the average error rate (Bonin et al., 2004) . Fragments between 75 and 500 bp long were scored.
AFLP DATA ANALYSIS
Frequency down-weighted marker values (DW; per population were calculated using the AFLPdat script (Ehrich, 2006) in R. Higher values are thought to indicate populations that have been isolated for a longer time and low values populations that diverged rather recently. The same script was used to create input files for Structure and Arlequin.
Partitioning of genetic variation within and among populations and cytotypes was tested for by analysis of molecular variance (AMOVA) using Arlequin 3.1 (Excoffier, Laval & Schneider, 2005) . We performed two AMOVA analyses using two (within and among populations) and three (within and among populations, and between cytotypes) hierarchical levels. Population pairwise PhiPT (an F ST analogue) values were computed and Mantel test (pairwise PhiPT values and geographical distances) was performed in GenAlEx 6.5 (Peakall & Smouse, 2012) .
The genetic structure was evaluated using three different approaches:
(1) The first was a non-model-based approach; nonhierarchical K-means clustering (Hartigan & Wong, 1979) was chosen because of the presence of two ploidies using a script by Arrigo et al. (2010) in R. This approach assigns individuals to a defined number of genetic groups in order to maximize intergroup variance. This technique was successfully applied in the analysis of genetic structure of the AFLP datasets in polyploid complexes (Burnier et al., 2009; Arrigo et al., 2010) .
(2) The second approach taken used model-based Bayesian clustering implemented in Structure 2.2 (Pritchard, Stephens & Donnelly, 2000; Falush, Stephens & Pritchard, 2007) . This approach is less appropriate for detecting admixture between cytotypes because it is based on the ideal HardyWeinberg population model minimizing linkage disequilibrium. (3) Principal coordinate analysis (PCoA, Jaccard's similarity coefficients) performed using PAST (Hammer, Harper & Ryan, 2001 ) was the last approach. K-means clustering was conducted in 100 000 independent runs (i.e. starting from random points) for each assumed value of K clusters (ranging from 1 to 10), and the intergroup inertia of each run was recorded.
We followed the procedure described by Evanno, Regnaut & Goudet (2005) to select the most likely number of groups using intergroup inertia as a proxy of clustering accuracy. In the Structure analysis, the number of clusters was estimated using 10 6 iterations with a burn-in period of 10 5 iterations under an admixture model. Ten replicates for each K were analysed from K = 1 to K = 10; the outputs were processed following the approach of Evanno et al. (2005) implemented in Structure Harvester to determine the most likely groups of clusters (Earl & Vonholdt, 2012) . The mixed-ploidy dataset was encoded into the 'polyploid' format used by Stock et al. (2010) . For the purpose of the Structure analysis (a complete dataset), all individuals were coded as having four chromosome sets (corresponding to the highest ploidy in the dataset, i.e. 4x). The two chromosome sets not present in diploid individuals were marked as missing data (−9). This model was compared with the usual coding for diploid plants. Both these procedures were also applied to subsets of diploids and tetraploids (triploids were not found). The nonhierarchical K-means clustering analysis and Bayesian clustering analysis were performed for the mixed ploidy dataset ('complete dataset analysis') and for two ploidy subsets of diploids and tetraploids separately ('nested analysis').
RESULTS

CYTOTYPE SCREENING
We ascertained the ploidy of 2270 plants from 43 populations. Two ploidies, diploid and tetraploid, were detected. Whereas diploids are distributed all across the Alps (38 populations), tetraploids seem to be confined to the western Alps (four populations analysed come from the Savoy Alps) and the Vosges (one population). We found no triploids and no mixed-ploidy populations.
MODE OF REPRODUCTION
Only empty achenes were found in bagged capitula of diploid plants (eight plants, 12 capitula). Untreated (open pollination) capitula, in contrast, produced nearly 100% of full achenes, showing allogamy in sexual diploids. A high proportion of full achenes (range 86.9-92.0%, mean 89.3%) confirming agamospermy was found in tetraploid plants with emasculated capitula (five plants, one capitulum per plant).
DNA ANALYSIS
Using two of the three AFLP primer combinations (EcoRI-ACG + MseI-CAC and EcoRI-ACA + MseI-CTG) together generated 152 clear polymorphic fragments. The third primer combination (EcoRI-AAC + MseI-CTA) was not included in the final analysis because it generally yielded low-quality results. Based on 22 replicates (12% of samples), the reproducibility of the dataset was 94.5%.
The rarity index (DW) varied from 0.58 in population STR (southern Austria) to 1.068 in population JAU (northern Italy; Table 1 ). Populations with higher DW indices are located mainly in the southern part of the geographical range (Fig. 1) . The DW values of diploid (mean 0.796) and tetraploid (mean 0.888) populations are not significantly different (twotailed t-test, d.f. = 38, t = 1.369, P = 0.178).
The AFLP analysis revealed low variability. We found no private markers for the individual populations. After dividing the whole dataset into two groups based on ploidy, diploid populations had eight private markers and tetraploid populations only one private marker. In the AMOVA with only two levels of variation (i.e. within and among populations), 27% of the overall genetic variation was found among populations. The population pairwise PhiPT values showed the greatest differentiation between ROS and BER (PhiPT = 0.667), CEZ and ROS (0.637) and CEZ and BER (0.634) with mean PhiPT = 0.258. In our nested AMOVA analyses, the variation between cytotypes accounted for 20% of the overall variation. In the subset of diploid populations, 25% of variation was detected among populations; the highest differentiation was found between ROS and BER (PhiPT = 0.667) with mean PhiPT = 0.246. Lower inter-population differentiation was found in the subset of tetraploid populations (12% of the variation can be explained by inter-population variation); the highest differentiation was found between CAS and CEZ (PhiPT = 0.280) with mean PhiPT = 0.123.
In the among-population AMOVA of the diploid sub-dataset, populations ROS from south-eastern France and the easternmost population SAB were found to be most distinct, differing by 27% and 15% from the nearest population, respectively. In the CYTO-AND PHYLOGEOGRAPHY OF Hieracium intybaceum 491 tetraploid sub-dataset, population BAL from southeastern France had the greatest genetic distance of 10% from the rest of tetraploid populations.
The Mantel test computed for the whole dataset revealed a low but significant correlation between genetic and geographical distances (rm = 0.246, P = 0.001), indicating an isolation-by-distance pattern. A positive correlation was found also for diploids (rm = 0.193, P = 0.010).
Nonhierarchical K-means clustering resulted in an optimal grouping of the complete dataset into two or four groups (Supporting Information Fig. S1 ). However, four groups reflect the observed cytological and geographical differentiation much better ( Fig. 2A) . Individuals assigned to the first genetic cluster K1 were found in diploid populations of central and eastern Alps. The individuals belonging to the genetic cluster K2 were detected in diploid populations throughout the entire distributional range of the species. Individuals falling in genetic cluster K3 were detected mainly in diploid and rarely in tetraploid populations encompassing the entire distributional range. The remnant tetraploid individuals fallen in the genetic cluster K4. Populations were mainly constituted of individuals belonging to one or two genetic clusters; rarely they shared three clusters. The K-means analysis was applied separately to the diploid and tetraploid datasets (nested analysis). It resulted in an optimal grouping into three groups for diploids and two groups for tetraploids, the latter without any geographical pattern. The classification of most individuals (except for two plants from SEM and MOL) by the nested analysis is congruent with the analysis of the complete dataset.
The Bayesian analysis of the complete dataset using Structure resulted in the best partitioning into either two (similarity coefficient 0.90) or five (similarity coefficient 0.98) groups (Supporting Information  Fig. S2 ). In the latter case, tetraploids fall into two groups (the first one exclusively tetraploid, the second one with a small admixture of diploids) and the remaining three groups are formed exclusively by diploid plants. The first two diploid groups show a geographical pattern (east, west), whereas the third one comprises plants across the whole geographical range without any pattern. This contradicts the number of clusters suggested by the K-means clustering (four). Nested Bayesian analysis resulted in three groups of diploids and two groups of tetraploids, the latter groups without any geographical pattern, which is in agreement with results of nested K-means analysis. Classifications of plants in Bayesian analysis of the complete dataset (five groups) on one hand and separated sets of diploids and tetraploids (nested analysis) on the other differ considerably. Partitioning of the complete dataset into four groups, however, shows nearly the same classification of plants as the nested analyses. With these facts in mind, we decided to consider Structure clusters S1-S4 and discuss this classification further. The Structure results are (except for 13 individuals) congruent with the K-means analysis of the complete dataset (Table 2) . Discrepancies between results of K-means and Bayesian clustering can be explained by the clustering method adopted; the latter takes into account possible admixture, i.e. it allows for the possibility that individuals may have mixed ancestry.
Principal coordinate analysis (PCoA, Fig. 3 ) confirmed the rather weak structuring of the dataset detected by the previous analyses. Similarly to K-means clustering, it divided the dataset into four groups. The first three axes explained 18.6% of the total variation. The first axis (explaining 8.7% of the total variation) separated diploid clusters (K1, K2) from tetraploids (K4). The second axis (explaining 5.5% of the total variation) separated the 'eastern diploid group' (K1) from the 'western diploid group' (K2). The third axis (explaining 5.5% of the total variation) separated the cluster K3 from the rest of the groups. Structure genetic groups (clusters S1-S4) are largely congruent with K-means clusters K1-K4 and thus also match the results of PCoA.
DISCUSSION CYTOGEOGRAPHY OF Hieracium intybaceum
The present data corroborate and add details to the geographical pattern proposed by Favarger (1997) , who reported tetraploids from south-western Switzerland and diploids from Switzerland, Austria and Italy. Sexual diploids occur throughout the distribution area in the Alps, whereas apomictic tetraploids are confined to the western Alps (reaching eastwards to the canton of Wallis in south-western Switzerland) and the Vosges.
We did not confirm the occurrence of triploids. Published triploid counts for H. intybaceum (Rosenberg, 1927; Larsen, 1954) seem doubtful even though triploid plants can generally appear at low frequencies in diploid populations. The discrepancy between our results and previous reports of triploids can be explained by misidentifications with H. pallidiflorum Hausm. This triploid species is morphologically similar to H. intybaceum and often gets confused with it in herbarium material. Alternatively and less likely, triploids of H. intybaceum may not have been detected due low frequencies in populations. Moreover, the geographical distribution of diploid and tetraploid populations of H. intybaceum does not correspond with the model of geographical parthenogenesis (van Dijk, 2003; Hörandl, 2008; Cosendai & Hörandl, 2010) , a pattern in which apomictic polyploids have larger distribution ranges shifted to higher latitudes and elevations compared to related sexual diploids. Diploids of H. intybaceum are widely distributed across the entire range of the species (most likely except in the Vosges), mostly in previously strongly glaciated areas. Tetraploid apomictic populations, in contrast, are confined to a rather small geographical area. This pattern also differs from the trends found in other Hieracium spp. with ploidal differentiation in the Alps, e.g. in H. prenanthoides Vill. and H. tomentosum L. (diploids at the SW edge of the Alps; Chrtek et al., 2007 Chrtek et al., , 2009 J. Chrtek and P. Mráz, unpubl.) . We did not detect mixed-ploidy populations.
GENETIC AND PLOIDAL PATTERN
We detected a rather low level of genetic variation in H. intybaceum. The relatively low contribution of the among-population component and low genetic distances (Fig. 3) can indicate gene flow (post-glacial genetic erosion) and/or rather recent divergence, especially in clusters S1 and S2. We preferred the result obtained by Bayesian clustering which identified four clusters, three of them more or less corresponding with the observed ploidal differentiation. The first two genetic groups (clusters S1 and S2) dominate across the whole distribution range and show east-west geographical separation (Fig. 2B) .
The observed genetic and ploidal pattern can be explained as follows. Diploids colonized the deglaciated areas from source populations most likely located mainly in the southern part of the distribution range, occasionally also in the western Alps (see the highest DW values). Partially differentiated populations/ lineages came into contact and consequently most likely further differentiation occurred. Apomictic tetraploids most likely originated in the western Alps or in the refugium at the south-western foot of the Alps. Their rather limited recent geographical range (partly contrasting with the theory of geographical parthenogenesis) can be explained in two ways: (1) they originated rather recently but their occurrence coupled with a most likely complete absence of diploids in the Vosges should be taken into consideration, a more plausible explanation; or (2) they had/have a lower fitness than diploid plants. However, the latter is in a contradiction with putative general advantage of uniparental reproduction for colonization (plants reproduce independently of foreign pollen and do not suffer from low activity of pollinators in extreme habitats; van Dijk, 2003; Hörandl, 2009a) . We did not carry out a detailed comparison of the fitness of diploids and tetraploids; however, seed production in tetraploids, for example, has proved to be at a similarly high level as in other successful apomictic hawkweeds (J. Zahradníček & J. Chrtek, unpubl.) . Thus, the latter hypothesis seems to be much less plausible. The diffuse borderline between clusters S1 and S2 runs from eastern Switzerland to the eastern part of North Tyrol. The geographical pattern in this genetic group is nearly, but not completely, identical to that detected in a set of silicicolous alpine species exhibiting differentiation along the main break zone (the transition between the western and eastern Alps), which runs roughly from Lake Garda to Innsbruck (Brenner zone; Thiel-Egenter et al., 2011) .
The third genetic group (cluster S3) lacks a defined geographical range; it comprises mainly plants from two diploid populations from the opposite (west and east) margins of the distribution range and a few plants from both diploid and tetraploid populations across the distribution range in the Alps. Principal component analysis separated only one population from the south-western Alps (ROS) and tetraploid individuals along the first and second axis, respectively; other diploid individuals of the third genetic group are distributed in populations assigned to clusters S1 and S2. We therefore regard part of the distribution of genetic group 3 as an artefact of conflicts between approaches and the already mentioned low variability in the dataset. That at least one individual in each population can be assigned to cluster S3 confirms this claim.
The fourth genetic group (cluster S4) is well defined and includes only plants from tetraploid populations in the French Alps and the Vosges, and is genetically closely related to cluster S3 (most closely to population ROS). Geographically, its eastern borderline (Aosta valley and Wallis) is congruent with the main break zone detected in many alpine plants (e.g. ThielEgenter et al., 2011) . The high genetic differentiation between the ROS population (cluster S3) and tetraploids (cluster S4) on the one hand and other diploids (clusters S1, S2) on the other might indicate long-term separation of these groups. We assume that genetic group 3 can be a source group of polyploid populations due to the considerably high presence of tetraploid plants (23%) in this genetic group and the genetic proximity between genetic group 3 and tetraploids. Although certain break zones in H. intybaceum are more or less similar to those identified in other alpine plants, its genetic differentiation is generally lower. Four rather clearly defined groups of populations (SW, W, C and E) were found, for example, in Ranunculus glacialis L. (Schönswetter et al., 2004) and Androsace alpina (L.) Lam. (Schönswetter, Tribsch & Niklfeld, 2003) . In both these species, the two western groups (SW and W) were genetically isolated both from each other and from the two eastern groups (C and E). Our genetic group S4 at least slightly corresponds to the SW group, S1 to the W groups and S2 approximately overlaps with the C and E groups. However, we did not detect a strong genetic divergence between the W group on the one hand and C and E groups on the other like in both Ranunculus glacialis and Androsace alpina.
To sum up, we found two cytotypes of H. intybaceum, namely sexual diploids prevailing throughout the Alps, and apomictic tetraploids confined to the western Alps and the Vosges. The majority of tetraploid plants forms one genetic group; diploids can be divided into three groups, but the overall genetic variation is low, most likely indicating gene flow and/or recent differentiation.
